We present I-band photometry, long-slit optical spectroscopy, and new aperture synthesis H I observations for 8 late-type spirals with rotation velocities in the range 243 km s −1 V rot 308 km s −1 . The sample will be used to study the structure and angular momentum of disks at the high-mass end of the spiral galaxy population; here we discuss the basic properties of these "fast rotators", and derive hybrid optical/H I rotation curves for each. Despite the presence of H I warps and low-mass companions in many systems, their kinematics are regular and there is excellent agreement between optical and H I tracers near the optical radius r opt . At high inclinations where projection effects are negligible, the sample galaxies exhibit flat, featureless rotation curves out to their last measured points at 1.7 − 3.5 r opt . The intermediate inclination systems are also consistent with a constant rotation amplitude for r 0.5 r opt . We therefore find no evidence for declining rotation curves at the high-mass end of the late-type spiral galaxy population. Combining our data with the compilation of spirals with reliable outer H I kinematics from Casertano & van Gorkom (1991) , we find no convincing trends between logarithmic outer rotation curve slopes and rotation amplitudes or surface brightnesses for galaxies with V rot 220 km s −1 , and correlations with morphological types and disk scale-lengths in this regime are marginal.
INTRODUCTION
The dynamics of rapidly rotating spirals provide insight into the structure of systems at the high-mass extreme of the galaxy population. Their properties are essential for understanding well-established trends between the rotation velocity V rot of a disk galaxy and its other basic parameters, such as morphology, luminosity, surface brightness and baryon fraction. Observations of massive nearby galaxies also constitute a benchmark for studies of more distant systems, since the most luminous counterparts to local spirals are more easily detected at high redshift. "Fast rotators" in the local Universe thus hold important clues to the formation and evolution of the spiral galaxy population as a whole.
However, most recent studies of the kinematics of disk galaxies have focused on low mass and/or low surface brightness late-type systems (e.g. de Blok et al. 1996; de Blok & McGaugh 1997; Swaters 1999; Swaters et al. 2000; McGaugh et al. 2001; Marchesini et al. 2002; van den Bosch et al. 2001; de Blok et al. 2001 de Blok et al. , 2003 Swaters et al. 2003; Rhee et al. 2004; Gentile et al. 2005; Simon et al. 2005; Spekkens et al. 2005; Valenzuela et al. 2005) , while others have examined intermediate-mass systems (e.g. García-Ruiz et al. 2002; Kregel & van der Kruit 2004a; Kregel et al. 2005; Gentile et al. 2004, hereafter G04) .
Observations of early type disk galaxies that span a wide range of morphological types and luminosities are now underway (Noordermeer et al. 2005 ), but highquality, homogeneously processed data for late-type massive galaxies has so insofar been lacking. To fill this gap we present photometry and kinematics for 8 of these systems, which will be used to model the dark and luminous contributions to their mass profiles in a forthcoming paper (Spekkens & Giovanelli 2006, in preparation) .
It has long been recognized that both the shapes and amplitudes of spiral galaxy rotation curves (RCs) change systematically with luminosity (e.g. Roberts & Rots 1973; Kyazumov 1984; Burstein & Rubin 1985) . Average RC shapes within the optical radii r opt of late-type spirals have been studied extensively by Persic and collaborators (Persic & Salucci 1988 , 1990a ,b, 1991 Persic et al. 1996) , using long-slit optical spectra. In their "Universal Rotation Curve" (URC) model, systems with absolute Iband luminosities M o I −22.0 (V rot 200 km s −1 ) have RCs that peak at ∼ 0.8r opt and decline at larger galactocentric radii r. However, the URC parametrization tends to underpredict the outer RC amplitudes of high surface brightness systems (e.g. Courteau 1997 ). Average optical RC shapes for a much larger sample of spirals have since been compiled by Catinella et al. (2006) , who find no evidence for declining RCs within r opt even in the most luminous systems.
Neutral hydrogen (H I) is an effective tracer of latetype spiral galaxy kinematics beyond r opt , since the H I disk is typically 50% larger than the stellar one (e.g. Broeils & Rhee 1997) . The outer RC shapes derived from H I observations are typically more uncertain than those in the optical, however, because measurements of the inclination i are required to correct observed velocities for (2)- (3): Galaxy coordinates (J2000). Col.(4): Morphological type, as given in the Nasa Extragalactic Database (NED). Corresponding RC3 type numbers given in parentheses (de Vaucouleurs et al. 1991) . Col. (5): Heliocentric (optical) radial velocity, derived from archived single-dish spectra as in Springob et al. (2005) . Col. (7): Distance corresponding to V ⊙ , computed using α, δ and H 0 = 70 km s −1 Mpc −1 .
viewing geometry. While i is relatively constant across the optical disks of spirals and can be robustly measured from photometry, warps are common in the H I layer beyond r opt (e.g. García-Ruiz et al. 2002) and variations in i in these regions can be difficult to constrain with available data (e.g. §4.2). Nonetheless, the majority of spirals have H I RCs that are relatively flat in their outer parts (e.g. Bosma 1978 Bosma , 1981a , though the possibility that many RCs become Keplerian within r ∼ 3r opt cannot be ruled out (Honma & Sofue 1997 ). There are also some unambiguous detections of decreasing RCs beyond r opt (see the compilation by Honma & Sofue 1997) . Two such cases are NGC 2683 and NGC 3521, where large (∼ 50 km s −1 , or 0.25 V rot ) declines are detected between 1 and 3 r opt (Casertano & van Gorkom 1991, hereafter CvG91) . CvG91 also find correlations between the logarithmic RC slopes beyond 2/3r opt and the rotation amplitudes, scale-lengths, surface brightnesses, and morphological types for a diverse sample of late-type spirals with reliable H I RCs. These trends suggest that the RCs of massive systems -compact, high surface brightness ones in particular -decrease in amplitude or decline steadily beyond r opt .
Observationally, spirals with V rot 350 km s −1 are rare, particularly for later morphological types. While V rot for the fastest known rotator in the local Universe exceeds 500 km s −1 (UGC 12591; Giovanelli et al. 1986 ), the distribution of H I spectral line widths in large samples of spirals truncates abruptly near W ∼ 2V rot ∼ 550 km s −1 (e.g. Koribalski et al. 2004; Springob et al. 2005 ). Elliptical galaxies exhibit a similar upper limit to their central velocity dispersions, which can be understood in the context of the ΛCDM structure formation paradigm provided that the stars in their cores formed prior to z ∼ 6 and behave like collisionless particles thereafter (Loeb & Peebles 2003) . There is no analogous explanation for the upper bound to V rot in spirals. One possibility is that the progenitors of spirals with V rot > 350 km s −1 seldom form long-lived disks. In particular, if the latter are stabilized against bar formation by massive halos (Ostriker & Peebles 1973 , Efstathiou et al. 1982 Christodoulou et al. 1995a,b) and their baryonic components scale with parent halo masses and angular momenta (e.g. Dalcanton et al. 1997; Mo et al. 1998; de Jong & Lacey 2000) , then a stability criterion of the form λ m d arises, where λ is the halo spin parameter and m d is the cold baryon fraction (Mo et al. 1998) . Since collisionless halos with λ > 0.1 are rare (e.g. Bullock et al. 2001) , massive systems that retain most of their baryons during galaxy formation would seldom have large enough λ to form stable disks. In this scenario, massive spirals have large λ. The angular momentum distributions of local fast rotators probe the stability of disks in high-mass systems, and thus this explanation for the observed upper limit to V rot .
We have obtained H I aperture synthesis observations for 8 late-type, rapidly rotating spirals in the local Universe, each with I-band photometry and optical spectroscopy archived in the SFI++ database maintained at Cornell University. We combine the optical and H I kinematics to produce hybrid RCs for each system, that have arcsecond resolution within r opt and that extend beyond the stellar disk into the region where dark matter dominates the potential. In a future paper, we will use these data to constrain the dark and luminous contributions to the derived kinematics, and to compute the angular momentum distributions and λ for a wide range of baryon mass-to-light ratios (Spekkens & Giovanelli 2006, in preparation) . Here, we present our observations and concentrate on deriving accurate optical+H I RCs that will underpin our models. We also compare the outer RC shapes obtained to those of the systems compiled by CvG91, and re-evaluate the evidence for correlations between these shapes and other galaxy properties with the fast rotator and CvG91 samples combined.
The organization of this paper is as follows. We describe the sample selection and present available SFI++ catalog photometry and optical kinematics in §2. We present the aperture synthesis H I observations and related analysis in §3, and describe the derivation of hybrid optical/H I RCs in §4. We summarize our results and discuss the outer RC shapes of the fast rotator sample in §5. Notes on individual systems as well as H I channel maps of the detected emission are given in Appendix A.
Unless otherwise stated, we convert angular sizes to physical scales by adopting H 0 = 70 km s −1 Mpc −1 , and give radial velocities following the heliocentric, optical definition.
SAMPLE SELECTION AND SFI++ DATA
The fast rotator sample is selected from the SFI++ database maintained at Cornell University. The SFI++ is a compilation of I-band photometry and V rot measurements for several thousand late-type spiral galaxies, optimized for studies of the large-scale mass distribution in the local Universe. The catalog includes several datasets published by our group (Haynes et al. 1999a, hereafter H99; Dale & Giovanelli 2000, and references therein; Vogt et al. 2004; Springob et al. 2005; Catinella et al. 2005 , hereafter C05) as well as newly acquired data, and is fully described elsewhere (Masters 2005; Springob 2006; Springob et al. 2006, in preparation) .
Sample candidates have both single-dish H I profiles and long-slit optical spectroscopy archived in the SFI++. Of these, we select 8 galaxies with the largest V rot that a) show no evidence for interactions, close companions or disturbed optical morphologies, and b) have H I line strengths and optical sizes suitable for H I aperture synthesis observations with the Very Large Array 3 (VLA). The basic properties of the fast rotator sample are presented in Table 1 .
The mean rotational velocity for the sample galaxies is V rot ∼ 275 km s −1 : they are therefore at the high-mass end of the local spiral galaxy population. Unlike the compilation of Saglia & Sancisi (1988) , however, we find no evidence for discrepancies between the system properties and the velocity, size, magnitude, and surface brightness scaling relations for the SFI++ (Spekkens 2005) . Moreover, despite their large absolute scales both the global gas fractions and surface densities of the galaxies are within the ranges expected for normal spirals of the same morphological types (see §3.1.1). The fast rotator sample thus represents an extreme of the normal spiral galaxy population rather than a separate class of object.
2.1. I-band Images and Photometry I-band images and photometry for the sample are mined from the SFI++, and a thorough description of the data acquisition and reduction techniques can be found in H99. Below, we summarize this procedure and describe our bulge-disk decomposition technique in some detail.
The I-band images were obtained during a series of observing runs by our group between 1988 and 1997, using the 1.3m McGraw-Hill telescope at the MichiganDartmouth-MIT Observatory 4 as well as the 0.9m telescopes at the Kitt Peak National Observatory and the Fig. 1 .-I-band surface brightness profiles for the fast rotator sample. In each panel, points bracketed by the vertical dotted lines constrain the exponential disk in the "minimal" bulge computation, while points bracketed by the dashed vertical lines constrain the exponential disk in the "maximal" bulge computation. In each case, the disk fits are given by the lines through the points, and the resulting minimal and maximal bulge fits are represented by the dotted and dashed diagonal lines, respectively. A color version of this figure is available in the electronic edition of the Journal.
Cerro-Tololo Inter-American Observatory 5 . The images were homogeneously calibrated using standard procedures within the IRAF/STSDAS environment 6 in the 5 The Kitt Peak National Observatory and Cerro-Tololo InterAmerican Observatory are part of the National Optical Astronomy Observatories (NOAO), operated by Associated Universities for Research in Astronomy (AURA), Inc., under a cooperative agreement with the NSF.
6 IRAF is distributed by NOAO, which is operated by AURA (12): "Maximum" ratio of bulge light to disk light, from decomposition with a disk fit in the "dip" of the surface brightness profile (see text).
TABLE 3
Optical and H I Kinematics Table 2 and the outermost H I RC point.
manner described in H99.
Following calibration, the resulting image analysis was performed by M. P. Haynes for all galaxies. Photometric quantities were extracted by fitting concentric isophotal ellipses to the galaxy emission after masking nearby stars. The resulting surface brightness profiles are shown in Fig. 1 . We define the optical radius r opt as the radius within which 83% of the I-band profile light is contained (Persic et al. 1996) ; r opt is equivalent to 3.2 scalelengths in a pure exponential disk. Giovanelli et al. (1995) . We then compute the effective central surface brightness µ e,I following CvG91, defined as the central surface brightness of a pure exponential disk with total luminosity m o I and scale-length r o d . The bulge contributions to the total I-band light are small for the fast rotators (see below), and thus µ e,I approaches the extrapolated disk central surface brightness tabulated by H99. The derived photometric quantities for each system are given in Table 2 . The surface brightness profiles are then decomposed into disk and bulge contributions. To estimate the bulge component, we first subtract an exponential disk from the profile. The remaining light is then fit with both spherical exponential and de Vaucouleurs (1948) bulges, and the best fitting profile of the two is adopted as the bulge distribution. This bulge profile is then subtracted from the total surface brightness distribution, and the remaining light is assigned to the disk. The decomposition therefore preserves both the total I-band flux as well as the small-scale features of the profiles, which are assumed to stem from the disk.
The fraction of I-band flux assigned to the bulge clearly depends on the exponential disk first subtracted from the surface brightness distribution. However, the best fitting disk determined from one region of the surface brightness distribution may deviate significantly at other r in the profile, due to irregularities in the baryon distribution or to extinction effects. This is the case for many of the fast rotators, which show a "dip" in their value in this region instead of the mean, since the isophote fitting method artificially decreases the latter (H99).
surface brightness distributions for 0.1r opt r 0.4r opt (Fig. 1) . To estimate the range of reasonable bulge contributions for each galaxy, we therefore carry out the procedure described above starting from two distinct exponential disks: the fit from H99 yields a suitable "minimal" bulge contribution, while one estimated in the region of the profile dip produces a suitable "maximal" bulge contribution. Because of extinction effects in the surface brightness profiles, the actual bulge component is likely bracketed by these extremes.
The resulting bulge profiles are shown in Fig. 1 . For each galaxy, points in between the vertical dotted lines are used to estimate the exponential disk in the minimal bulge computation (H99), while those bracketed by the dashed vertical lines produce the exponential disk in the maximal bulge estimate. The corresponding exponential disks are shown by the dotted and dashed lines through the points, and the resulting bulge fits are shown by the dotted and dashed diagonal lines at small r. Note that for NGC 2862 only the maximal bulge fit is plausible, while for ESO 563G21 and NGC 2955 the maximal and minimal estimates are identical; for these systems, a single bulge fit is therefore displayed. The resulting minimal and maximal ratios of bulge light to disk light are given in the last 2 columns of Table 2 . As expected for latetype systems, the bulge component is dwarfed by the disk component even in the "maximum" bulge scenario. The bulge is thus not expected to contribute substantially to the observed kinematics, and it is likely reasonable to model the fast rotators as pure disk systems by assigning all of the I-band light to a thin axisymmetric component. The impact of these different decompositions on the inferred structure of each system will be fully explored at the mass modeling stage (Spekkens & Giovanelli 2006, in preparation) .
For 5 of the 8 fast rotators, unmasked I-band images are archived in the SFI++ in addition to the photometry. For these systems, we determine a plate scale for each image by matching 15-20 stars in the vicinity of the galaxy to those in analogous Digitized Sky Survey 8 (DSS) images and by solving for the pixel size, center and rotation angle. The positional accuracy of this linear solution is judged to be better than 1 ′′ . The available I-band images are shown in greyscale in Figs 2a, 5a, and 7a -9a.
For clarity in the text that follows, we adopt θ and i as abbreviations for position angle and inclination, respectively, while θ d and i d specify the values from I-band photometry that are listed in cols. (8) and (10) of Table 2.
Long-Slit Optical Spectroscopy
The optical spectra for the fast rotator sample have also been mined from the SFI++. The data reduction and analysis are detailed in C05; here we summarize the procedure.
Long-slit optical spectra for 7 of the 8 fast rotators were obtained by our group between 1990 and 2002, using the (Table 3) for each system. In general φ l = θ d from the I-band images, within the uncertainties in the latter. The seeing full width at half-maximum (FWHM) was typically 1.5
′′ . The data were reduced and rotational velocities extracted using both standard IRAF packages as well as our own software. Where possible, the kinematics from the Hα and N II lines were combined to form a single optical RC (C05). The RCs for NGC 2862, NGC 2955, IC 4202 and NGC 6195 presented here have been published by Vogt et al. (2004) .
For ESO 563G21, we use the Hα RC derived by Mathewson et al. (1992) obtained with a similar observing setup and reduction technique.
After calibration, all of the RCs were analyzed in the manner detailed in C05. Briefly, we fold each RC about the position determined from the best fitting URC to the points (Persic et al. 1996) , and then fit a polyex function:
where V o sin i sets the amplitude of the fit, r pe governs the inner RC slope, and β determines the outer RC slope. Values of r pe for the fast rotators are given in Table 3 . Since V rot and the outer RC slope are better characterized by the hybrid RCs than the optical spectra alone, we do not tabulate the SFI++ V o and β here. Tables 2 and 3 demonstrate that the sample galaxies fall into two groups, depending on i d and r pe : NGC 1324, UGC 2849, NGC 2955, and NGC 6195 have i d ≤ 78
• and 1.1 ≤ r pe ≤ 2.3 kpc, whereas ESO 563G21, NGC 2862, IC 4202 and UGC 11455 have i d ≥ 83
• and r pe > 4 kpc. The large r pe in the latter galaxies likely result from extinction effects, which become more pronounced with increasing i (e.g. Giovanelli & Haynes 2002) . The fast rotators thus divide into an intermediate i sub-sample and a highly inclined sub-sample.
The optical RCs for the fast rotator sample, corrected for projection effects using i d and resampled to a resolution of approximately 2 ′′ (3.2 ′′ for ES0 563G21) to reflect the seeing conditions, are given by the triangles in Figs. 11-12. The errorbars on each point reflect either the accuracy with which the emission centroid could be determined in the optical spectrum, or an imposed minimum of 2/sin i d km s −1 .
APERTURE SYNTHESIS H I OBSERVATIONS
The sample galaxies were observed with the VLA in its C configuration in separate runs during July -August 2001 and October -December 2002, except for ESO 536G21 which was observed in BC configuration in October 2002 to prevent excessive antenna shadowing at low latitudes. During each run the galaxy was targeted in 25-35 minute intervals, separated by 3-5 minute phase calibrator observations. The flux calibrator, also used as 9 The Hale Telescope, Palomar Observatory, is operated under a collaborative agreement between the California Institute of Technology, its divisions Caltech Optical Observatories and the Jet Propulsion Laboratory (operated for NASA), and Cornell University. Note. -Col. (2): Integration time on-source, before editing. Cols. (3) - (4): Synthesized beam size and position angle, and mean RMS map noise per channel in the naturally weighted cubes. Cols. (5) - (6): Synthesized beam size and position angle, and mean RMS map noise per channel in the uniformly weighted maps. Col. (7): Number of overlapping channels near datacube center; see text.
a σ at v = 4389 km s −1 is 10% higher than this value; see text.
a bandpass calibrator, was observed at both the start and the end of each run. The raw on-source integration time for each system is listed in Table 4 . The sample galaxies were at the pointing center of their corresponding runs, resulting in sky coverage within a primary beam FWHM=31.3 ′ centered on each source. To adequately sample the full width of the integrated H I line for the fast rotators, two 3.125 MHz bandpasses were staggered about their single-dish profile centers. This yielded contiguous frequency coverage across each source in 97 kHz spectral channels, as well as sufficient baseline to subtract continuum emission. The bandpasses overlapped near the band center, with the number of duplicate channels determined from the net bandwidth required for each observation.
The data were calibrated using the Astronomical Image Processing System 10 (AIPS; Napier et al. 1993) . For each run, standard editing, flux, phase and bandpass calibration routines were applied separately to the 2 polarizations of each bandpass (Rupen 1999 and references therein). The bandpasses were then joined and the data in the overlapping channels averaged to produce a single band; the number of overlapping channels at the band center for each system is given in Table 4 . In most cases the continuum emission could be subtracted via linear fits to the real and imaginary Fourier components in the line-free frequency channels (e.g. van Langevelde & Cotton 1990). For NGC 1324, NGC 2955 and IC 4202, models of strong continuum sources far from the pointing center were first subtracted van Gorkom & Ekers 1989) .
Following the data reduction, strong radio frequency interference (RFI) was discovered in 1-2 channels near 1400 MHz in the ESO 563G21 and NGC 2862 datacubes. This well-known VLA birdie is caused by correlated noise from the 7 th harmonic of the 200 MHz L-band local oscillator in the shortest east-west baselines, where the fringe rate is small (Bagri 1996) . We excise this RFI following the method of Spekkens et al. (2004) . We remove baselines with east-west projections less than 25 m and 17 m 10 http://www.aoc.nrao.edu/aips/ in all spectral channels and clip contaminated channels above 0.7 Jy and 1.0 Jy for ESO 563G21 and NGC 2862, respectively. In all, the excision flags less than 5% of the available baselines. We checked for possible biases from this editing by examining residual datasets in the same manner as described in the appendix of Spekkens et al. (2004) , and found no evidence for any systematic flux loss. We measure an increased RMS map noise σ of 10% at 4389 km s −1 in the ESO 563G21 datacube as a result of the clipping, but find no change in the RFI-excised channels of the NGC 2862 datacube.
After calibration the data were imaged using both natural and uniform weighting schemes to emphasize H I structures on different spatial scales. The emission in each cube was then CLEANed (Clark 1980 ) of sidelobe contamination and corrected for the attenuation of the primary beam. The synthesized beam parameters and the average RMS noiseσ per channel for the calibrated datasets are given in Table 4 . In general, the map noise σ is ∼ 10% lower thanσ in the overlap channels. This gain in sensitivity is less than the factor √ 2 anticipated from averaging two independent channels together, because of correlated noise from continuum subtraction and decreased sensitivity near the bandpass edge.
H I Data Presentation
The H I data for the fast rotators are presented in Figs 2-9, and their properties are summarized in Table A6. Channel maps as well as notes for individual systems are in Appendix A.
In the interest of deriving high-quality kinematics in the outer H I-rich parts of the disks, we trade sensitivity for angular resolution and analyze the uniformly weighted maps for all the fast rotators except ESO 563G21, where the S/N is too low with uniform weighting. We also perform a cursory search for companions in the naturally weighted cubes: we make detections in the vicinity of half the sample galaxies, and half again are previously uncatalogued. The properties of the detected companions are given in Table 5 . Throughout, we use a combination of AIPS and Groningen Image Pro-cessing System 11 (GIPSY) routines to manipulate and display the data.
H I Morphologies and Global Properties
The contours in Figs. 2a-9a show total intensity (zeroth moment) maps for the fast rotators, obtained by summing the detected emission along the frequency axis. To reduce the noise in the maps we use blanked versions of the datacubes shown in Appendix A: we first smooth the data to half the spatial resolution listed Table 4 , and blank the full resolution cube at all locations with emission less than the mean RMSσ of the blanked cubes. We then flag the resulting full resolution cube interactively, keeping only emission associated with the galaxy of interest and appearing in 2 consecutive channels. The H I contours in Figs. 2a-9a are overplotted on archived I-band images where available (see §2.1), or else on DSS images.
Figs. 2b-9b show velocity fields for each of the fast rotators; their derivation is discussed in detail in §3.1.2.
Figs. 2c-9c show the line intensities as a function of heliocentric radial (optical) velocity for the fast rotators and the detected companions. The 1σ errorbars on each point include contributions fromσ over the emission region as well as a 5% calibration uncertainty. The integrated line intensities Idv obtained by summing these global profiles along the velocity axis are given in col. (2) of Table A6 .
For each system, we compute the raw velocity width W sin i by fitting straight lines to the datapoints on the outer edges of the global profile horns, and measuring the width from these fits at 50% of the horn peak. We correct for instrumental broadening by subtracting one channel width from this measurement, in accordance with the recommendation of Springob et al. (2005) from their simulations. Estimates of W sin i for each fast rotator, and the corresponding profile mid-points V sys are in Table A6 . The errors on W sin i correspond to half the difference between the listed values and those measured at 20% of the profile peaks using the same technique. We do not correct for ISM turbulence, estimated to be on the order of a few km s −1 and therefore small compared to both W sin i and its uncertainty (Tully & Fouqué 1985; Lavezzi & Dickey 1997; Springob et al. 2005) . In general there is good agreement with published single-dish values (see Appendix A), and we make no short-spacings corrections to our data.
The H I mass M HI obtained from the global profile is given in col. (5) of Table A6 , and is computed assuming an optically thin disk:
where D is in Mpc and Idv is in Jy km s −1 . Radial surface density profiles Σ HI (r) are typically obtained by averaging the H I brightness in concentric rings as in Warner et al. (1973) , but this method yields erroneous results for systems that are poorly resolved along their major or minor axes (Bosma 1978; Swaters et al. 2002) . We therefore adopt the method of Warmels (1988) , and integrate the total intensity map for each 11 http://www.astro.rug.nl/∼gipsy/ system along the I-band minor axis to produce "strip integrals". A beam-corrected, face-on estimate of Σ HI (r) is then derived from the strip integrals under the assumption of axisymmetry, using Lucy's (1974) iterative deconvolution technique for an initial guess of the distribution shape (see also Swaters et al. 2002) . The resulting Σ HI (r) for each system are shown in Figs. 2d -9d for the approaching side (crosses), the receding side (triangles), and the average of both sides (points) of the H I intensity map in Figs. 2a -9a . We adopt the outermost point at which Σ HI (r) = 1 M ⊙ pc −2 in the averaged profile as the H I radius r HI . The ratio r HI /r opt for each system is given in Table A6 .
The total dynamical mass is computed assuming spherical symmetry:
where r HI is in arcminutes and V rot is in km s −1 . We note that collisionless ΛCDM halos are typically oblate with intrinsic axial ratios 0.5 q 0.7 (e.g. Jing & Suto 2002) . However, a mild halo ellipticity has little impact on the derivation of M T (Lequeux 1983) , and therefore eq. 3 is adequate given the uncertainties in the input parameters.
An estimate for the dynamical mass is obtained from eq. 3 for the approaching and receding sides of each fast rotator separately. We define r HI such that Σ HI (r HI ) = 1 M ⊙ pc −2 , and take V rot as the plateau of the hybrid RCs near r opt ( §4). The results are then averaged to produce M T , listed in Table A6 . We adopt an uncertainty on M T equal to the sum in quadrature of half the difference between M T for the approaching and receding sides, and the uncertainty obtained by propagating errors in r HI and V rot through eq. 3. The average value of V rot for the sample galaxies is given in Table 3 , where errorbars represent half the difference between values obtained for the approaching and receding sides.
We also list the parameters of form Table A6 . They demonstrate that despite their large absolute scale, the fast rotators have the same average properties as normal spirals: while M HI and M T for all of the fast rotators exceed the 75 th percentiles of the volume-limited RC3-LSc sample of Roberts & Haynes (1994) , the values of M HI /M T , σ HI and σ T lie within the expected ranges for their morphological types 12 . The global properties of the detected companions are given in Table 5 . Estimates of Idv, V sys , W sin i, and M HI are computed in the same manner as for the fast rotators, adopting D of the parent system in eq. 2. For M T we approximate r HI = 1.5 × a/2 and V rot = W sin i/ cos −1 (b/a), where a and b are the optical major and minor axis diameters. Given the uncertain morphologies, poor resolution and limited S/N of the detected companions, M T should be regarded as only a rough approximation to the dynamical masses of these systems.
H I Kinematics
12 We adjust the values in Table A6 to account for the different cosmology and parameter definitions adopted in Roberts & Haynes (1994) before making the comparison. Table A6 , with solid lines on the receding side and dotted lines on the approaching side. Some contours are labelled in km s −1 for clarity. c) Global profile. Errorbars reflect 1σ uncertainty contributions fromσ over the emission region and a 5% calibration error. d) Radial surface density profile Σ HI (r) corrected to a face-on perspective for the approaching side (crosses), the receding side (triangles), and their average (points). The dotted line shows 1M ⊙ pc −2 .
Rather than adopting a traditional intensity weighting (or first moment; Warner et al. 1973 ) scheme to derive the velocity fields in Figs 2b-9b, we use G04's Modified Envelope Tracing (MET). We describe the technique, its advantages over moment analyses, and its application to our data here. For clarity in what follows, let V mom1 (α, δ) and V MET (α, δ) refer to radial velocities at a sky position (α, δ) derived using the first moment and MET techniques, respectively. Quantities as a function of r instead of (α, δ) are measured along the major axis of the system, and the kinematic center is at r = 0. We use V obs (r) to denote the radial velocity adopted at r. For an axisymmetric, rotationally supported disk, V obs (r) = V c (r) sin i, where V c (r) is the circular velocity of the system at r. We wish to derive V obs (r) that approach V c (r) sin i.
First moment velocities are obtained by weighting each contribution by its intensity I(α, δ, v):
where v represents the frequency or velocity axis. When the line profiles I(α, δ, v) are symmetric about the profile peaks the first moment yields reliable estimates of V c (r) sin i, as do methods that fit gaussians or find centroids (see Sofue & Rubin 2001 for a review). In highly inclined or poorly resolved disks, however, a single line of sight will intercept lower-velocity emission in addition to gas at V c (r) sin i: this results in profiles that are skewed toward V sys , biasing
The impact of this bias in our data is illustrated in Fig. 10 . In the left panel, the points show different estimates of the raw RC for the receding side of IC 4202: the triangles denote V mom1 (r i ) computed from eq. 4. The solid circles show V obs (r i ) derived from the optical spectroscopy described in §2.2, for which beam smearing effects are negligible. In the absence of observing and data reduction biases, we expect V obs (r i ) derived from H I to resemble that derived from Hα in the region probed by both tracers. The right panel shows the spectral profile I(r ′ , v) extracted at the location corresponding to the long-dashed vertical line in the left panel. The lower dashed, horizontal line denotes V mom1 (r ′ ) derived for that profile. This value is clearly biased towards V sys (= 0 in this plot) relative to the profile peak, and as a result there is a significant discrepancy between V mom1 (r ′ ) and V obs (r ′ ) estimated from optical spectroscopy. We therefore adopt the MET method of G04 to derive velocity fields for the fast rotator sample. For emission tracing the kinematics of an inclined rotating disk, the extreme-velocity side of I(α, δ, v) (that farthest from V sys ) represents V c (α, δ) modulated by the telescope response and ISM turbulence. An estimate of the latter can therefore be derived from a "terminal velocity" V t (α, δ), which G04 define as the velocity at half-maximum of a half-gaussian fit to the extreme-velocity side of the profile. The velocity field is then given by:
(5) In eq. 5, ∆V ISM accounts for turbulent broadening of the ISM and ∆V obs corrects for the instrumental broadening of the system. Following G04 we assume a constant velocity dispersion σ ISM = 10 km s −1 with ∆V ISM = 2.35σ ISM , and set ∆V obs to the spectral channel width in km s −1 . For our datasets ∆V ISM and ∆V obs have similar amplitudes, and the V MET (α, δ) obtained are insensitive to changes in σ ISM in the range 7 km s −1 σ ISM 12 km s −1 (Kamphuis 1993) . Phenomena other than turbulence and spectral resolution can alter the extreme-velocity side of the profiles. Some of these stem from the galaxy itself, such as outflows or high velocity cloud (HVC) analogs. These "internal" factors are of little concern in our sample, since we are interested mainly in the outer H I disk and do not have the sensitivity to detect putative HVCs (Pisano et al. 2004) . One should also account for spatial beam smearing in regions where the RC derivative is large: this will broaden the extreme-velocity side of the profile since along a line of sight, gas at larger r (higher V c (r)) will be included via convolution by the synthesized beam. The V MET (r) derived from eq. 5 then are, in principle, upper limits to V c (r) sin i (e.g. Sancisi & Allen 1979) . However, minor axis resolution effects are so severe in the inner regions of the fast rotator disks that eq. 5 under-estimates V c (r) sin i even when beam smearing is neglected. This problem was also noted by G04, who adjust the inner points of their RCs by hand. Since the RC gradients in the outer disks are small for the fast rotators , and since beam smearing corrections are necessarily ad-hoc (e.g. Braun 1997; G04) and will further depress V MET (α, δ) in the inner regions, we apply no such corrections to the velocity fields. We note that H I points within the inner 1.5 beams of the galaxy center are ultimately dropped in the hybrid RC derivation (see §4.3); our neglect of this effect thus has no impact on the final results.
The application of the MET method to our data is demonstrated in Fig. 10 . The crosses show V MET (r i ) along the peak of the intensity distribution, and the upper dashed horizontal line shows the value computed from the line profile in the right panel. At large r there is little low-velocity gas along the line of sight, and V MET (r i ) ≃ V mom1 (r i ). Within r opt , it is clear that V MET (r i ) resembles the V obs (r i ) from optical spectroscopy (solid circles) much more closely than does V mom1 (r i ) (triangles). In particular, there is good agreement between V MET (r) and V obs (r) measured in the optical near r opt , leading to a smooth transition between the kinematics derived from the two tracers.
The MET velocity fields derived within the lowest contour in Figs 2a-9a are shown in Figs 2b-9b (shaded re- intervals: dotted lines denote the approaching side relative to V sys in Table A6 , and solid lines denote the receding side. Pixels within the H I disk with no V MET estimates correspond to regions where a reliable gaussian fit to the extreme-velocity side of the profile could not be obtained. This is particularly prevalent near the galaxy centers, where beam smearing effects are large and the H I surface density is low (Figs 2d-9d) .
We note that while the premise of the MET technique is physically motivated, the details of its application are somewhat arbitrary. In particular, the fraction of the fitted gaussian peak adopted as V t (α, δ) and the form of the corrections applied are empirically derived (G04). In light of these uncertainties, Kregel & van der Kruit (2004b) argue that iterative least-squares modeling of PV diagrams yields superior disk kinematics to the method adopted here. However, the resolution and dynamic range in our data are insufficient to assure convergence of the technique, and it can only be applied along the major axes of edge-on galaxies; as such, we do not consider it here. Moreover, the excellent agreement between the optical and H I RCs at r opt as well as that between the observed and simulated H I morphologies discussed in §4 suggest that the MET technique is indeed recovering V c (r) sin i, and that further refinements to eq. 5 are unnecessary.
RC DERIVATION
In this section we derive H I RCs from the velocity fields in Figs. 2b-9b , and combine them with the optical RCs of §2.2. We note that slightly different methods are adopted to obtain H I RCs the highly inclined and intermediate i systems in the sample, and we discuss each case in turn below. Since i d = 78
• for NGC 1324, its kinematics can be determined using either approach: we verify that both produce the same result. Because r pe for NGC 1324 is similar to those of UGC 2849, NGC 2955 and NGC 6195 (Table 3) , however, we group it with the intermediate i systems below.
H I RCs for the Highly Inclined Systems
We determine V obs (r) for the highly inclined systems ESO 563G21, NGC 2862, IC 4202 and UGC 11455 by averaging V MET (α, δ) from Figs. 2b-9b within a synthesized beam of the intensity distribution peak in Figs. 2a-9a . This strategy is similar to the Warped MET technique described by G04, and naturally follows the disk kinematics along the ridge of any warp that may be present in the disk. For ESO 563G21, NGC 2862 and UGC 11455 we estimate the warp parameters by tracing θ of the intensity distribution peak, as in García-Ruiz et al. (2002) . We also adopt their definition of the warp angle α (their eq. 4) as that between the major axis and a line connecting the galaxy center and the outermost measured point in the warp. The derived α are accurate to ∼ 5
• , while the warp radii r w are accurate to a few kpc. The warp parameters for these systems are given in Table A6 (see also §A), and r w is shown in Fig. 11 .
To verify that the RCs, α and r w derived are consistent with the H I morphologies of each system, we simulate observations of H I disks with the derived properties and compare them to the channel maps in Figs. 15c, 15d, 15f and 15h. Each galaxy is modeled by concentric rings with a user-supplied i, θ, V c and Σ HI . All rings have systemic velocities V o = V sys from Table A6 and centers (α o , δ o ) = (α c , δ c ) from Table 1 . We model the approaching and receding sides of each fast rotator separately, setting V c (r i ) = V obs (r i )/ sin i and using Σ HI (r i ) from Figs. 2d-9d at the center r i of each ring. We set θ = θ d for r i < r w , and for r i > r w we introduce a smooth variation in θ consistent with α. We set i = i d at all r i , and also adopt σ ISM = 10 km s −1 as well as an exponential H I scale-height of 1 kpc. We find good agreement between the simulated data cubes and the channel maps in Figs. 15a-15h for all of the highly inclined systems. In particular, setting i = i d reproduces the observed H I morphologies even beyond r w : i of the detected warps thus approaches that in the corresponding disk. We experiment with different input i beyond r w , and find that setting i 80
• in the simulations fails to recover the H I channel maps in the warp regions. There is therefore no ambiguity between V obs (r) and i in these systems. Our simulations also demonstrate that the derived H I surface densities, kinematics and disk geometries for the highly inclined fast rotators self-consistently recover the morphology of the detected emission.
H I RCs for the Intermediate i Systems
When H I disks at intermediate i are sufficiently resolved, RCs can be derived by fitting a series of concentric rings to the observed velocity field and by solving for V c , V o , i, θ and (α o , δ o ) in each ring (Begeman 1989) . We perform a tilted-ring analysis of the intermediate-i systems, first allowing all 6 parameters to vary and then fixing V o and (α o , δ o ) and re-fitting for V c , i and θ. The values of V o , (α o , δ o ) and θ obtained from the fits are comparable to V sys (Table A6) , (α c , δ c ) ( Table 1 ) and θ d (Table 2) , respectively. However, the best fitting i are lower than i d (Table 2) by an average of 15%, and V c (r) is ∼ 10% larger than that from the optical kinematics and from major-axis slices. In addition, simulated datacubes of systems with these properties produce models with spatial and spectral extents that are too large when compared to observations. These discrepancies arise from the low angular resolution of the latter along the minor axes of the intermediate-i systems (Figs. 2a-9a ): beam smearing blends major axis gas with lower velocity offaxis material in this direction, and broadens the spatial extent of the emission. This leads to an underestimate of i and a corresponding overestimate of V c in the tilted ring models. The biases on the ring properties are analogous to those encountered when ellipse fits are used to determine Σ HI (r) (see §3).
We therefore derive the RCs for NGC 1324, UGC 2849, NGC 2955 and NGC 6195 in a manner similar to that for the high i systems, averaging V MET (α, δ) from Figs. 2b-9b in a slice the width of a synthesized beam oriented at θ d (Table 2) . We thus implicitly assume that the major axis of the H I disk lies within a beam of the I-band major axis. These assumptions do appear to be justified given the H I morphologies and kinematics in Figs 2-9.
To verify the plausibility of the V obs (r) obtained, we simulate observations of each intermediate i fast rotator in a similar manner as for the highly inclined systems. We model the approaching and receding sides of each galaxy separately, adopting Σ HI (r) from Figs. 2d-9d and θ = θ d at all r. Unlike the near edge-on case, however, at intermediate i there is an ambiguity between i and the RC amplitude in the outer H I layer. In our sample, V obs (r) for NGC 1324, UGC 2849 and NGC 2862 declines beyond r opt on at least one side (see §4.3). Moreover, changes in i of only a few degrees have a significant impact on the resulting V c (r) = V obs (r)/ sin i: these decreases may thus represent a change in the gravitational potential in these regions, or may result from variations in the disk geometry. Note that minor axis distortions indicative of a warped disk are difficult to detect in our data, due to limited spatial resolution along this axis: we therefore make no attempt to measure warp parameters in the intermediate i systems.
To investigate the extent to which the H I channel maps resolve this ambiguity, we construct two models for each of the galaxies with declining V obs (r). In the first model we set i = i d at all r, and in the second we introduce a smooth decrease (increase for the approaching side of UGC 2849) in i beyond r opt to produce a flat RC. Details of this second model are given in the notes in §A, but 0
• for all systems. In general, there is good agreement between the simulated observations and the measured channel maps for both models (see §A for details): the available data thus cannot distinguish between a falling RC due to a change in the gravitational potential beyond r opt or one caused by a variation in i associated with a warp. We discuss this further in §5.
Hybrid RC Derivation
Further processing of the H I RCs as well as their combination with the optical RCs discussed in §2.2 is done homogeneously for all of the sample galaxies. We fold each H I RC about the point (r min , V min ) that minimizes the difference between the approaching and re- ceding sides within r opt . These points are assigned to r = 0, V = 0 in the RC, and they differ by no more than 15 km s −1 and 5 ′′ from V sys measured in §3.1.1 (Table A6) and the optical center (α c , δ c ) (Table 1) , respectively. We assign half the difference between V MET (r) obtained when V t (α, δ) in eq. 5 is measured at 50% of the I(α, δ, v) peak and when it is measured at 20% of the peak as the error on each H I RC point. The H I RCs are then resampled to 6 ′′ (6.2 ′′ for ESO 563G21), yielding slightly less than 2 points per synthesized beam.
We then combine the optical and H I RCs, dropping H I points within 1.5 synthesized beam widths of r = 0 to avoid beam smearing biases on V obs (r) ( §3.1.2) and correcting r i of the remaining H I points for beam smearing. We also clip optical RC points that are discrepant by over 50 km s −1 , and thus likely the result of non-circular motions or patchy emission regions in the disk. Finally, we correct for galaxy geometry using i d from Table 2 . This has a negligible effect on the kinematics of the highly inclined systems, but the RC amplitudes and shapes in the intermediate i subsample depend on this choice.
The hybrid H I/optical RCs (V obs (r i )/ sin i d ) for the highly inclined galaxies in the fast rotator sample are shown in Fig. 11 , and those for the intermediate i systems are in Fig. 12 . In each panel, the triangles denote points derived from long-slit spectra while the circles denote points obtained from H I observations. Empty and filled symbols show the approaching and receding sides, respectively. In Fig. 11 dashed lines indicate r w in the highly inclined systems with warps, and those on the approaching (a), receding (r) or both (b) sides of the disks are labeled to the lower left of the line. For ESO 563G21 in Fig. 11a , the dotted line shows the approximate starting location of the SE feature; see §A.3 for details. Beyond the vertical dotted line in Fig. 12b , the H I channel maps on the receding side of UGC 2849 are not well modeled by either a co-planar or warped disk; it is possible that interactions with its detected companions are distorting the H I layer in this region (see §A.2).
For all of the sample galaxies, there is a smooth transition between the optical and H I RCs as well as excellent agreement between points in the overlap regions near r opt . This suggests that the ionized and atomic components of the interstellar medium (ISM) have similar geometries at this location in the underlying galaxy potential.
DISCUSSION AND SUMMARY
We have presented I-band photometry, long-slit optical spectra, and new H I aperture synthesis observations for 8 rapidly rotating nearby spirals. Despite their large scales, the sample galaxies lie on the size, velocity, absolute magnitude and surface brightness scaling relations in the SFI++ database, and their global gas fractions and surface densities are within the ranges expected for their morphological types ( §3.1.1; Table A6 ). These "fast rotators" thus represent the high-mass extreme of the normal, late-type spiral galaxy population. We derive hybrid optical/H I rotation curves (RCs) for each system, and find a good correspondence between the H I rotation velocities derived using G04's Modified Envelope Tracing method and those from optical spectra in regions probed by both tracers (Figs. 11-12) . In a forthcoming paper we will mass model the kinematics presented here, and estimate corresponding angular momentum distributions as well as spin parameters λ for a range of baryon mass-tolight ratios (Spekkens & Giovanelli 2006, in preparation) . In general, the detected H I emission in each galaxy has the morphology of a thin rotating disk with the same geometry as its I-band stellar distribution. However, we find that warps are prevalent beyond r opt in massive spirals: all of the highly inclined, extended H I disks that we detect are warped on one or both sides, and the channel maps for the intermediate inclination (i) systems are also consistent with warped outer layers. Some of these warps (e.g. ESO 563G21, UGC 11455) may be excited by companions, which we detect in the vicinity of half the sample galaxies (Table 5) . Interactions with these smaller systems may have also produced the H I features in UGC 2849 ( Fig. 12 ; §A.2) and ESO 563G21 ( Fig. 11; §A.3) that we are unable to recover in our disk models of the observed H I emission. As a counter-example, however, we point out the spectacular symmetric warp in the isolated system NGC 2862 (Figs. 5, 15d ): its warp angles are comparable to the largest detected by García-Ruiz et al. (2002) in their sample of 26 edge-on spirals, and are 30% larger than those in their isolated systems.
Despite the presence of warps and other features in the H I morphologies of the fast rotators, their kinematics are very regular. ESO 563G21 is an extreme example: we detect prominent H I extensions on either end of the major axis (Fig. 4) , but find well-ordered rotation throughout the H I layer irrespective of the inclusion of the discrepant emission ( §A.3; Fig. 11a ). There is also excellent agreement between the kinematics of the approaching and receding sides in most systems (exceptions are UGC 2849 for r > r opt and NGC 2862 for r > 2.2r opt ), as well as V obs (r) determined from H I and optical spectroscopy in the overlap region near r opt . The symmetry and regularity in the inferred dynamics reflects the depth of the gravipotential wells and the similar geometries of the ionized and atomic ISM components in these massive systems. For all sample galaxies except IC 4202, the H I RCs extend well beyond those in the optical, probing the structure of the fast rotators out to 1.7 r opt r 3.5 r opt . The derived RCs are very flat beyond r opt . This is particularly the case for the highly inclined systems, where V obs (r) ≃ V rot and projection effects are negligible. With the exception of the warp region on the approaching side of NGC 2862, V obs (r) ≃ Constant at r 0.5 r opt for all RCs in Fig. 11 . For galaxies at intermediate i, there is an ambiguity between i and the derived RC amplitude ( §4.2). In particular, the outer RCs for NGC 1324 (Fig. 12a ) and NGC 2955 (Fig. 12c) decline on both sides when the stellar disk i d is adopted to correct for disk geometry beyond r opt . NGC 2955 exhibits the strongest outer RC gradient in the sample, decreasing steadily beyond r opt to V obs (r HI )/ sin i d ∼ 0.75V rot . However, the H I channel maps of the intermediate i systems are consistent with both the RCs of Fig. 12 and flat RCs with decreasing (increasing for the approaching side of UGC 2849) i to mimic a warp. In addition, NGC 2955 has the lowest i d in the fast rotator sample, and a gradient ∆i 1
• kpc −1 is sufficient to reconcile the declining V obs (r)/ sin i d of Fig. 12c with a flat RC beyond r opt . Because of the shallow derivative of the sine function near sin i ∼ 90, a gradient of this amplitude is not detectable in the outer H I layers of our near edge-on systems. Indeed, since we obtain flat RCs for the highly inclined sample galaxies where i effects are negligible, and since intrinsic galaxy properties should not correlate with viewing geometry, it seems likely that the falling RCs of the intermediate i fast rotators are the result of warps rather than changes in the gravipotential wells of these systems. This suggests that all of the massive galaxies studied here have flat RCs.
We quantify the outer RC shapes discussed above by computing the logarithmic slope S = d log(V obs (r)/ sin i d )/d log r for each system. We adopt the definition of CvG91, and measure S from the best fitting linear trend to the RC between 2/3 r o 235 and the outermost RC point, where r o 235 is the radius of the 23.5 th mag asec −2 I-band isophote corrected to a face-on perspective (Table 2 ; r o 235 in I-band is roughly equivalent to D 25 in B-band). We measure the slopes for the approaching and receding sides of each RC separately, and compute their average weighted by the RC extent on each side to produce S. The values obtained are given in Table 3 , and are plotted in Figs. 13 and 14. Table 2 . Triangles show the sample of H I RCs collected by Casertano & van Gorkom (1991, hereafter CvG91) : open symbols show systems with Vrot < 180 km s −1 , and solid symbols show systems with Vrot > 180 km s −1 . S decreases with increasing Vrot for Vrot 220 km s −1 , in accordance with the trend noted by CvG91; however, it plateaus in higher mass systems. The trend between S and morphological type for the high-mass systems (2 ≤ type ≤ 6) is also considerably weakened when both samples are considered. A color version of this figure is available in the electronic edition of the Journal. (Fig. 13) , and solid triangles are systems with V rot > 180 km s −1 (Figs. 13 and 14) . Note that CvG91 compile B-band photometry for their sample galaxies, while ours is in the I-band. We ignore this difference in Fig. 14a , since variations in r d measured in the two bands are comparable to the uncertainties on these parameters (e.g. de Jong 1996). For ease of comparison with fig. 7 Fig. 14a . In Fig. 14b , we adjust µ e,I from Table 2 using B − I colors estimated from our data and B
0
T from the RC3 where available (de Vaucouleurs et al. 1991) , or else we adopt B − I = 1.8 (the mean for the fast rotators with B 0 T estimates). Figs. 13 and 14 are thus analogous to figs. 6-9 of CvG91 with the fast rotator points overplotted, though the comparisons of Fig. 13 are more reliable than those in Fig. 14 given the different photometric bands used in the latter.
Figs. 13 and 14 demonstrate that the outer RC shapes for the fast rotator sample are flatter than expected from the trends in CvG91. This is most obvious in Fig. 13a , Fig. 13 . Note that CvG91 use B-band photometry in their analysis, while ours is in I-band: we ignore this difference in a). In b), we adjust µ e,I from Table 2 using B − I colors derived from our data and B T 0 from the RC3 where available, or else adopting B − I = 1.8. There is some evidence that galaxies with larger r o d have larger S, but the trend depends strongly on the inclusion of outliers in S and r o d . There is no clear correlation between S and µe for massive spirals when the CvG91 and fast rotator samples are combined. A color version of this figure is available in the electronic edition of the Journal.
where S plateaus for V rot 220 km s −1 for both members of the present sample and for those in the CvG91 compilation: the anti-correlation between S and V rot noted by CvG91 thus does not extend to the high-mass end of the spiral galaxy population. Fig. 13b also shows that the correlation between S and morphological type for the high-mass systems is weakened when both samples are considered. The correlation between r o d and S Fig. 14a noted by CvG91 remains, though the trend is dominated by a few outliers in S and r o d . However, there is no clear correlation between S and µ e (Fig. 14b) when the fast rotators and the massive systems from CvG91 are combined. We remind the reader, however, that the comparisons in Fig. 14 are muddled by the different photometric bands employed here and in CvG91: an updated compilation of high-surface brightness galaxies with reliable extended RCs and homogeneous photometry would better address this issue.
We note again here that there is an ambiguity between i and S for the intermediate i fast rotators. We have adopted i d to compute S here, and from the arguments above the open circles in Figs. 13 and 14 are likely underestimates of the true S in these systems. Shifting these points towards S = 0 in each panel do not change the above conclusions. We have also verified that varying the region in the outer RC used to compute S has little impact on our results.
To summarize, the kinematics of the fast rotators imply that the RCs of massive, late-type spirals are flat and featureless for r 0.5 r opt out to their last measured RC points, the latter in the range 1.7 − 3.5 r opt . We thus find no convincing evidence that massive latetype galaxies have declining RCs, nor that their outer RC slopes correlate well with morphological type, scalelength or central surface brightness. If the inner regions of massive disk galaxies are baryon-dominated, the transition to dark matter domination beyond r opt leaves no imprint on the resulting kinematics. The disks and halos of rapidly rotating spirals thus appear to "conspire" just as effectively as those in lower mass systems.
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APPENDIX

CHANNEL MAPS AND NOTES ON INDIVIDUAL SYSTEMS
In this appendix we present channel maps of the H I emission for each of the sample galaxies as well as notes on individual systems. The channel maps are given in Figs. 15a-15h . All of the maps are corrected for primary beam attenuation, and the weighting adopted is the same as that used in the analysis of §3.1.1. For ESO 563G21, NGC 2862 and UGC 11455, we plot a subset of the channels near the datacube center for conciseness; otherwise, we plot the data at full spectral resolution.
NGC 1324
NGC 1324 is a field spiral with prominent spiral structure (Fig. 2a) : there is a high degree of symmetry in the optical image, and no hint of a bar. The I-band photometry of Paturel et al. (2003a) is in good agreement with the values listed in Table 2 ′ away. This first of these putative companions lies well outside the primary beam of our VLA observations, while the second lies at its FWHM: we are not sensitive to either. A cursory search of the HI datacubes does not reveal any other companions in the vicinity of NGC 1324.
The channel maps for NGC 1324 in Fig 15a as well as the global properties presented in Fig. 2 are similar on the approaching and receding sides of the disk: the high degree of symmetry in H I and in the optical suggests that NGC 1324 is not interacting strongly with its neighbors. Our values of Idv, W sin i, V sys and M HI for this system (Table A6 ) are in good agreement with published single-dish data (Theureau et al. 1998; Paturel et al. 2003b) .
There is also good agreement between the H I and optical kinematics in NGC 1324 (Fig. 12a) . A turnover in the HI RC beyond r ∼ 67 ′′ (∼ 30 kpc) is detected on both sides, and V obs (r)/ sin i d decreases by ∼ 30 km s −1 over ∼ 8 kpc. The turnover may signal a change in the galaxy potential in this region, but is also consistent with a decrease in i from 78
• to 62
• and a flat RC. We construct galaxy models with both characteristics and compare them to the observed channel maps. In both cases the models recover the distribution of H I, though in each a change in position angle ∆θ ∼ 20
• beyond r ∼ 65 ′′ is required to reproduce the emission from 5946 -5925 km s −1 and from 5432 -5389 km s −1 . The kinematics of NGC 1324 are therefore consistent with a warp for r 30 kpc, accompanied either by a falling RC or a systematic decrease in i.
UGC 2849 UGC 2849 is an intermediate i field galaxy with a regular morphology in DSS and 2MASS images. Little else other than single-dish H I observations of UGC 2849 are available in the literature.
In the channel maps for UGC 2849 in Fig. 15b the S/N of the H I emission is low in the channels near V sys = 8104 km s −1 , particularly at small r where Σ HI (r) drops to 1 M ⊙ pc −2 (Fig. 3d ). The morphology of the H I distribution is similar for the approaching and receding sides within r opt , though there are significant differences farther out (see below). The H I is more extended on the west (W) side of the galaxy, due largely to a feature at 7866 km s −1 . Both the shape of the global profile and our estimates of Idv, W sin i, V sys and M HI (Table A6 ) are in excellent agreement with the single dish data of Paturel et al. (2003b; see also Bottinelli et al. 1990 ).
We detect two companions to UGC 2849, 3.5 ′ (∼ 120 kpc in projection) and 4.7 ′ (∼ 150 kpc in projection) to the east (E) and south (S) of the main disk, respectively. There are no previously cataloged objects within 4.5 ′ of either source: these systems represent new detections. The companions are only marginally resolved spatially, but channel maps (not shown) suggest that the S parts of both galaxies are advancing and the N parts are receding. Despite our relatively low spectral resolution, their global profiles show double peaks characteristic of inclined disks (Fig. 3c ): this is corroborated by the axial ratios of candidate optical counterparts that we identify on DSS images. In addition, θ for the optical counterparts are roughly consistent with that expected from their H I morphologies. The properties of the two companions are given in Table 5 . Note that their values of M HI and M T resemble those of the Local Group spiral M33, that has M HI = 1.8 × 10
9 M ⊙ and M T ∼ 6 × 10 9 M ⊙ (Corbelli & Salucci 2000) . Though the optical RC is rising at the last measured point for UGC 2849, the H I RC is flat for 12 kpc r 20 kpc, and there is good agreement between the optical and H I velocities in the overlap region. There is, however, a significant discrepancy between V obs (r)/ sin i d on the approaching and receding sides beyond r opt : the approaching side rises to ∼ 300 km s −1 just beyond r opt , but there is a smooth decrease on the receding side of ∼ 2 km s −1 kpc. If these deviations from a flat RC are caused by warping in the outer H I layer, we require i to increase from i d = 66
• on the approaching side beyond r opt , and i to decrease systematically from i d = 66
• to i ∼ 50 • at the last measured H I point on the receding side. We model both sides of UGC 2849 separately, using V obs (r), Σ HI (r) and θ d as inputs. On the approaching side, simulations where i = i d and ones where i increases to 71
• beyond r opt both reproduce the channel map morphology in Fig. 15b . Similarly, we construct two models of the receding side: the first adopts i d throughout, and in the second i decreases as described to produce a flat RC beyond r opt . Both simulations reproduce the observed H I morphologies from 8408 -8365 km s −1 in the channel maps of Fig. 15b , the first yielding a better match at 8365 km s −1 . However, neither model adequately recovers the broad, featureless emission from 8343 -8300 km s −1 . In summary, the derived RC for UGC 2849 shows unusual behavior beyond r opt ; the dotted vertical line in Fig. 12b shows the approximate starting point of the pathologies. While we cannot distinguish between an asymmetric warp or distorted outer halo, tidal interactions between UGC 2849 and its nearby, M33-like companions are the likely culprit. Deep imaging or H I spectroscopy of the companions to look for irregular morphologies would confirm this hypothesis.
ESO 563G21
ESO 563G21 is a large, highly inclined galaxy in the southern sky included in the Flat Galaxy Catalog of Karachentsev et al. (1993 Karachentsev et al. ( , 1999 . The I-band photometry of Paturel et al. (2003a) agrees well with the values listed in Table 2 . Using DSS images, Lütticke et al. (2000b) find an elliptical bulge in ESO 563G21, and Sánchez-Saavedra et al. (2003) detect a mild clockwise warp on both sides of the disk.
Because of its proximity and size, ESO 563G21 is among the best resolved galaxies in the sample. The channel maps in Fig. 15c ′′ . Both features are detected over multiple channels in our data, and are evident in the total H I intensity map in Fig. 4a . The SE extension is compact, H I bright, and located well beyond r opt on the receding side of the disk. Qualitatively, it appears morphologically distinct from the disk emission but not kinematically different from it. The approximate starting point of the SE feature is indicated by a dotted vertical line in Fig 11a. If associated with warp in the disk, its curvature is opposite that detected in the optical. The NE feature is faint and diffuse, and is both morphologically and kinematically distinct from the underlying disk emission. Extraplanar emission in the vicinity of this feature is detected over 10 frequency channels yielding a characteristic width of more than 200 km s −1 , and at the sensitivity of our data it extends up to 27 kpc (in projection) above the midplane.
We confirm that the spiral ESO 563G22 is a companion to ESO 563G21, with a projected separation of 5.9 ′ (∼ 120 kpc) to the NE of the latter. ESO 563G22 is a highly inclined spiral with a disturbed optical morphology, and 2MASS data reveals an asymmetry with more emission in the N. We resolve the H I emission of ESO 562G22 only marginally, but the S part of the of the disk is receding and the N part is advancing. Its basic properties are given in Table 5 . While M HI for ESO 563G22 is comparable to that of M33, M T exceeds that of the Local Group spiral by a factor of 5 (Corbelli & Salucci 2000) . The orientation of the NE feature of ESO 563G21 lies roughly along the line joining it and ESO 563G22, indicating that it may be the result of an interaction between the two systems.
Despite the unusual H I morphology of ESO 563G21 (Fig. 4a ) and significant differences between Σ HI (r) for the approaching and receding sides (Fig. 4d) , both the global profile in Fig. 4c and the derived RC in Fig. 11a are symmetric. We find no difference between the RC derived including the NE and SE features and one derived excluding them, save for their extent on the receding side. We therefore include emission from these features in the parameters given in Table A6 and in the RC of Fig. 11 . Our estimate of Idv is intermediate to single dish values from Haynes et al. (1999b) and Paturel et al. (2003b) , and the global properties V sys and W sin i are in good agreement with published measurements.
Following the peak in the H I intensity distribution in Fig. 4a in the manner described by García-Ruiz et al. (2002), we measure a warp angle α = 6
• on the approaching side of ESO 563G21. The approximate starting point r w of the warp is denoted by the dashed line in Fig. 11a . Our model of the ESO 563G21 datacube using V obs (r) and Σ HI (r) recovers the H I channel maps in Fig. 15c if i d and θ d are adopted throughout. These simulations do not reproduce the SE and NE features discussed above, however, and changes in i and θ at large r do not reconcile our models and the data in these regions. We note that the RC on the approaching side and that on the receding side within the dotted line in Fig. 11a are unchanged when the H I emission from the features is blanked from the datacubes.
NGC 2862
NGC 2862 is one of few massive isolated spirals with cz ≤ 5000 km s −1 (Karachentseva 1973; Varela et al. 2004 ). We perform a cursory search for H I-rich companions in our data that may have been missed in optical surveys, and find none. Despite its classification as an unbarred system, a strong edge-on bar is identified by Lütticke et al. (2000a) from near-IR surface brightness distributions. This is corroborated by large deviations from circular motion at small r in the optical RC (Fig. 11b) .
The H I channel maps for NGC 2862 in Fig 15d reveal a spectacular symmetric warp. The warp on the SE side of the galaxy extends farther than that on the NE side, with emission detected up to 40 kpc away from the mid-plane at 3864 km s −1 . Following the peak of the intensity distribution in Fig 5a and adopting the definition of the warp angle α of García-Ruiz et al. (2002), we measure α = 23
• and α = 19
• on the approaching and receding sides respectively. These are extreme relative to those in the 26 edge-on systems surveyed by García-Ruiz et al. (2002) , being comparable to the amplitude of the largest symmetric warp that they detect, and > 30% greater than the largest they find in an isolated system. Our estimate of the warp radius (r w ∼ 33 kpc on both sides) is indicated by the dashed vertical line in Fig. 11b . There is a slight decrease in θ measured from our I-band photometry from 20 kpc < r < 32 kpc, representing a ∼ 1σ deviation from θ d . If this is the signature of a warp in the optical disk, then the latter is in the opposite direction from that seen in H I. This disconnect between stellar and H I warps is common in spirals (Briggs 1990 , García-Ruiz et al. 2002 .
The H I emission within r w is fairly symmetric about V sys , and there is a good correspondence between Σ HI (r) on the approaching and receding sides in Fig. 5d . The peak flux in Fig. 5c and Idv in Table A6 are substantially larger than the single-dish estimates obtained from the Arecibo Radio Telescope 13 (Haynes & Giovanelli 1984; Lewis et al. 1985; Paturel et al. 2003b ; though see Bicay & Giovanelli 1986 ), due to the large angular size of NGC 2862 relative to the Arecibo primary beam at L-band.
The H I RC of NGC 2862 in Fig. 11b extends to 3.5 r opt when the warp regions are included, and there is good agreement between the optical and H I kinematics near r opt . There is an asymmetry in the warp region, however, where V obs (r) is ∼ 50 km s −1 lower on the approaching side than on the receding side. We model NGC 2862 using V obs (r) and Σ HI (r), where θ = θ d for r < r w and θ traces the warp ridge farther out. The simulated datacube recovers the channel map morphology when i d is adopted for both the main disk and warp emission. We experimented briefly with variations in the warp i, and find that i < 80
• in the simulations fails to reproduce the observed warp morphology in the channel maps. The RC flatness in the warp regions and the drop in RC amplitude beyond the warp radius on the approaching side therefore appear to be robust features in the kinematics of NGC 2862.
NGC 2955 NGC 2955 is the lowest i galaxy in the fast rotator sample. Its optical structure is intermediate to a flocculent and a smooth morphology (Elmegreen & Elmegreen 1982) , with complete and partial inner rings at r = 15 ′′ (7.5 kpc) and r = 81 ′′ (41 kpc) as well as a pseudo outer ring at r = 2.4 ′ (73 kpc) (de Vaucouleurs & Buta 1980) . None of these features coincides with the "kink" in the I-band surface brightness profiles (Fig. 1) and R-band (Courteau 1996) at r ∼ r opt (20 kpc). Both Ramella et al. (1995) and Mahdavi et al. (1999 Mahdavi et al. ( , 2004 assign NGC 2955 to a loose group with 7 -13 members; none fall within the primary beam and bandwidth of our observations. The H I emission of NGC 2955 is "clumpy" at all frequencies in Fig. 15e , but overall has the expected morphology of an inclined disk. The H I distribution extends farther on the advancing side of the galaxy than on the receding side (Fig. 6) due to a feature from 6830 -6787 km s −1 . There is a sharp decrease in Σ HI (r) beyond r opt on both sides of the disk that coincides with the kink in the surface brightness profile. There are also enhancements in Σ HI (r) at the locations of the complete and partial optical inner rings on the approaching side. There is a hint of a warp or other distortion along the minor axis of the velocity field, but the angular resolution along that direction is relatively low (Fig. 6b) . The global profile in Fig. 6d is symmetric, and Idv is 10-15% larger than previous single dish measurements (Haynes & Giovanelli 1984; Haynes et al. 1999b; Paturel et al. 2003b; Vogt et al. 2004) .
The H I RC for NGC 2955 follows the upper envelope of that derived in the optical near r opt (Fig. 12c) . The latter varies by ∼ 80 km s −1 in this region, likely due to spiral structure in the disk. There is a systematic decrease of ∼ 2 km s −1 kpc −1 in V obs (r)/ sin i d for r > 27 kpc of ∼ 2 km s −1 kpc −1 , such that the amplitude of the outermost RC point is ∼ 50 km s −1 lower than the value at r opt . We construct 2 models of the HI emission in NGC 2955 using V obs (r) and Σ HI (r): the first adopts i d and θ d , and in the second we mimic a warp by gradually decreasing i to 49
• to produce a flat RC beyond r opt . We find slightly better agreement between the second simulation and the channel maps in Fig. 15e on the approaching side, but both models recover the receding side of the HI distribution equally well. It is therefore plausible that the turnover beyond r opt in the HI RC in Fig. 12c stems from an under-estimate of i in this region rather than a change in the halo potential.
IC 4202
IC 4202 is an edge-on spiral in the Coma cluster, with a projected separation of 3.82
• and radial velocity separation of ∼ 200 km s −1 from the cluster center (Kent & Gunn 1982) . The channel maps of IC 4202 in Fig. 15f show few deviations from the morphology of an edge-on disk. While the outer H I contours from 7361 -7360 km s −1 and 6906 -6884 km s −1 bend slightly at large r, there is little evidence for a change in θ in the H I total intensity map of Fig. 7a and we find no conclusive evidence for a warp. As in the single-dish spectrum of Freudling et al. (1988) we find a mild asymmetry in the global profile horns and in Σ HI (r). Our estimate of Idv is 25% larger than published single-dish values Paturel et al. 2003b; Vogt et al. 2004 ), but there is good agreement between our results and V sys , W sin i from the literature. A cursory search of the H I datacubes does not reveal any companions.
There is excellent agreement between the optical and H I kinematics in the overlap region, as well as a high degree of symmetry between the approaching and receding sides. However, the H I kinematics do not extend much farther into the halo than the corresponding optical RC (Fig. 11c) . We model the IC 4202 datacube using the derived kinematics and Σ HI (r), adopting i d and θ d from Table 2 . At the angular and spectral resolution of our H I data across the disk of IC 4202, these simulations recover the observed frequency dependence of the H I distribution.
NGC 6195 NGC 6195 is an intermediate i spiral in Abell 2199, with a projected separation of 1.61
• and radial velocity separation of 100 km s −1 from the cluster center (Zabludoff et al. 1993) . A strong m = 1 Fourier term in R-band photometry implies a moderate lopsidedness in the stellar disk (Rudnick et al. 2000) , and a corresponding increase in disk star formation is inferred from the strength of Balmer absorption and the weakness of the 4000Å break. The I-band surface brightness distribution in Fig. 1 and the V -band profile of Gavazzi et al. (1994) are also unusual, with a pronounced "dip" for 0.2r opt 0.7r opt (3 kpc r 30 kpc): this feature is not a manifestation of extinction in the system given its relatively low i. The shallow FIR spectral index of NGC 6195 between 25 and 60µm may indicate AGN activity (Condon et al. 2002) .
The H I channel maps for NGC 6195 in Fig. 15g also show some asymmetries, particularly between the SE and NW "wings" of the distribution at 9044 km s −1 , 8912 km s −1 and 8825 km s −1 . The total intensity distribution in Fig. 8a is also lopsided, and the H I extends farther on the approaching side than on the receding side. The 40% difference in the peaks of the global profile in Fig. 8c is less prominent in the single-dish data from Haynes et al. (1997; see also Vogt et al. 2004) .
We detect two companions to NGC 6195, 5.7 ′ (215 kpc in projection) to the N and 4.0 ′ (150 kpc in projection) to the NW of the main disk, respectively. The first is KUG 1634+392, a 16.5 th (blue) mag galaxy (Garnier et al. 1996) classified as a UV-excess object by Takase & Miyauchi-Isobe (1984) . Its optical dimensions imply a low i: ISM turbulence may therefore be an important contributor to W sin i, and the listed lower limit on M T is highly uncertain (Table 5 ). There are no cataloged objects in the vicinity of the NW companion, and it is therefore a new detection. Channel maps (not shown) indicate that the N side is advancing and the S side is receding: this is corroborated by the morphology of a faint counterpart at the same location in our I-band image. Tidal interactions between NGC 6195 and these companions provide a natural explanation for its lopsided stellar disk and enhanced star formation rate. Despite the unusual stellar and gaseous morphologies of NGC 6195, there is a high degree of symmetry in the hybrid RC (Fig. 12d) . The optical kinematics reveal a steep inner rise, and the RC is flat at all measured r > 2 kpc. Though our models of the H I channel maps do not reproduce the lopsidedness discussed above, there is broad general agreement between the data and simulations with V obs (r) and Σ HI (r) as inputs when i d and θ d are adopted throughout the H I disk.
UGC 11455
UGC 11455 is an edge-on field galaxy included in see also Karachentsev et al. 1999 ) Flat Galaxy Catalog. Lütticke et al. (2000a,b) measure an elliptical bulge from surface brightness analyses of NIR and DSS images, and there is no indication of a bar from PV cuts parallel to the major axis in the NIR images.
The channel maps of UGC 11455 in Fig. 15h reveal a warp on the approaching side, most prominent from 5132 -5090 km s −1 . There is also a low column density extension on the receding side from 5667 -5646 km s −1 , though θ is the same as that of the galaxy major axis. We measure a warp angle α = 12
• on the approaching side by following the peak of the total intensity distribution Fig. 9a as in García-Ruiz et al. (2002) , and the approximate starting location r w of the warp is indicated by the dashed vertical line in Fig. 11d . The H I distribution is symmetric about the galaxy center beyond the optical disk, and features in Σ HI (r) beyond r ∼ 70 ′′ (26 kpc) are well correlated. There is also good agreement between V sys , Idv and W sin i and single-dish estimates in the literature (Bottinelli et al. 1993; Theureau et al. 1998; Haynes et al. 1999b; Paturel et al. 2003b; Vogt et al. 2004) .
We confirm that CGCG 341-027 is a companion to UGC 11455, with a projected separation of 3.4 ′ (75 kpc in projection) to the NW and radial velocity separation of 243 km s −1 from the latter. CGCG 341-027 is a 15.7 th (blue) mag Sb spiral, and our measurement of V sys is in agreement with that of Karachentsev et al. (1985) . Channel maps (not shown) indicate that the S side is advancing and the N side is receding, and there is an asymmetry in the global profile with more gas on the receding side in Fig. 9c (though the S/N is low). For comparison, M HI for CGCG 341-027 is half that of the Local Group spiral M33 though its rotational velocity is at least as large as in the latter (Corbelli & Salucci 2000) . The presence of a companion to UGC 11455 raises the possibility that the asymmetric HI warp may be tidally driven.
Though the optical RC for UGC 11455 is still rising at the last measured point (Fig. 11) , the outer H I RC is flat and extends well beyond r opt on the advancing side. There is good agreement between the two kinematic tracers near the edge of the optical RC on both sides of the disk. We model the H I emission in UGC 11455 using the derived RC and Σ HI (r). On the approaching side, we set θ = θ d for r < r w and vary θ smoothly following the warp angle α father out; on the receding side, we fix θ = θ d at all r. The simulated datacube recovers the channel map morphology when i d in Table 2 is adopted for both the main disk and warp emission. 
